The aim of this study was to investigate the effect of chain extender and diisocyanate amount on the thermal, mechanical and wettability properties of some polyurethanes. The chain extender nature caused the increase of the thermal stability due to the higher stability of the double and triple bonds respectively in contrast to simple bonds. Tg of the polyurethanes based on PCL/MDI decreased when the unsaturated grade from chain extenders increased. The double and triple bonds content from polyurethane structure was responsible for this behavior. The hard segment contents and the chain extenders nature also influenced the wettability. The results showed that the thermal, mechanical and wettability properties of the final products might be controlled by fine control of the amount of the MDI and the nature of the chain extenders.
Introduction
Polyurethanes represent a main class of synthetic elastomers. They form a versatile class of polymers, which are used in a broad range of applications like elastomers [1] , foams [2] , coatings [3] , fibers [4] and biomedical materials [5] . The group of polyurethanes comprises all polymers that contain urethane, urea or other isocyanate derived groups. The generally used reactants for segmented polyurethanes are diisocyanate, polyol and extender. Segmented polyurethanes can be considered as multi block copolymers, consisting of a hard and a soft block (segment). The hard segment originates from the diisocyanate and chain extender, whereas the soft segment usually is the polyol. Polyurethanes are often prepared by one-shot or prepolymer procedure [6] . In the first procedure all reactants are mixed and the resulting polymer represents a random distribution of monomer and polyol units. If more control is desired over monomer and polyol distribution along the polymer chain the two-step process is preferred. For this procedure the polyol is first reacted with an excess of the diisocyanate to form a so called prepolymer, which is subsequently reacted with the chain extender and results in the formation of the high molecular weight polyurethane [7] [8] [9] [10] . When a diamine is used as chain extender the polyurethane also contains urea groups [11] . Polyurethanes are formed by linear polymeric chains of segmented structure. They are prepared by the addition reaction of bifunctional isocyanates, chain extenders and long chain polyols. Most of conventional PUs are based either on polyester or polyether polyols, 4,4-diphenylmethane diisocyanate (MDI) as an isocyanate component and 1,4-butanediol (BD) as a chain extender [12] . The main interest of researchers is focused on the polyol components saturated [13] and unsaturated [14, 15] . The chain extenders natures (unsaturated [16] or saturated [17] [18] [19] diols), produced a supplementary influence on the thermal, mechanical and wettability properties of the polyurethane elastomers.
Results and discussion
The polyurethane samples based on PCL, MDI and glycols were characterized using conventional spectroscopic methods. FTIR spectra of the polymer samples ( Figures  1, 2) show the absorption characteristic for bands: urethane groups at 3322-3339 cm -1 (N-H stretching), 2195-2207 cm -1 (C≡C stretching), 1722-1727 cm -1 (NHCOO stretching, urethane groups combined with ester carbonyl groups of PCL), 1598-1617 cm -1 (C=C, stretching), and 1530-1533 cm -1 (C-N stretching, combined with N-H out of plane bending). 
Thermal stability
The influence of temperature on the decomposition reaction was investigated by TGA and the traces were used for evaluation of thermal stability of polyurethanes based on PCL/MDI/Glycols ( The excellent thermal stability of double and triple bonds respectively encouraged the use of unsaturated diols as chain extenders in order to improve the thermal stability of polyurethanes. Generally, analyzed polyurethanes decomposed in three steps and the temperature corresponding to maximum weight loss was 270-535 o C (step II). The chain extender nature caused the increasing of the thermal stability due to the higher stability of the double respectively triple bonds in comparison of simple bonds. The polyurethanes based on PCL/MDI/unsaturated glycols were relatively stable up to 390 o C (weight losses up to 9 %).
The thermal properties of the samples were studied too, by means of Differential Scanning Calorimetry. DSC is a thermal analytical technique which measures the amount of energy absorbed or released by a material as it is heated, cooled or held at constant temperature. This method was appropriate for the evaluation of the glass transition temperature. The polyurethanes based on PCL/MDI/BD showed Tg equal to -42 o C, while the polymers based on PCL/MDI/unsaturated glycols presented Tg between -36 and -29 o C, the lowest value obtained correspond to the sample with a 1:2:1 molar ratio.
The dependence of the activation energy (Reich-Levi method) versus conversion degree are presented in Figures 3, 4 . The energy to activation decreased until a conversion of α=0.15-0.2, after that increased till at α=0.6-0.7, and in the end decreased again.
An important depression in activation energy values versus conversion can be observed for α< 0.2. This behavior was also characteristic to an autocatalytic reaction. In connection with this, one should note that the oxygen traces in the polymer acted as a catalyst for the decomposition process. 
Dynamic contact angle and surface tension of polyurethane based on PCL/MDI/Glycols
Wettability could be estimated by determination of the dynamic contact angle. For that the samples were immersed and withdrawn into and out from the liquid simultaneously measuring the force acting on the samples. The advancing and receding contact angles were determined from the obtained force curve. The difference between the maximum (advancing) and minimum (receding) contact angle values was called the contact angle hysteresis.
The measured force F t was related to the dynamic contact angle through the general equation:
F t = weight probe + wetting force -F (buoyancy)
Sigma 700 tensiometer tared the weight of the probe and the effects of the buoyancy force was removed by extrapolating the graph back to zero depth of immersion. The remaining component force was the wetting force (F w ) which was defined as:
Where γ lv represented the surface tension of the fluid, P the perimeter of the plate and θ is the contact angle. Both advancing and receding contact angles could be obtained from Eq. (2).
Advancing and receding contact angle measurements of the films casted from polyurethanes based on MDI/PCL/Glycols could provide more information on the hydrophilicity of films and hence the wettability. A better understanding of the hydrophobicity of the cast films were obtained from dynamic contact angle studies. Figure 5 showed the results of the dynamic advancing contact angle study. The advancing contact angle decrease might be because of increase in the amount of hard segments. The obtained results of contact angle measurements revealed that the wettability increased with the increase of the hard segment content of polyurethanes in the samples PUPCL4…6 (1:3:2). The chain extenders nature increased wettability in the order: 1,4-butanediol> cis-2-butene-1,4-diol> 2-butyne-1,4-diol; see the samples PUPCL1…3. Additionally, the polyurethane films were found to have hysteresis values between 29.07 and 50.13. This signified a more chemically or physically heterogeneous surface on the polymer films.
The effect of the hard segment content and the chain extender nature on the surface tensions of the polyurethane based on PCL/MDI/Glycols is presented in Table 3 . The surface tensions of the polyurethane solutions in DMF increased with the amount of the hard segment enrichment. The structure of chain extenders influenced the surface tensions as it increased in the same manner when the unsaturation grade of polymers increased. 
Mechanical properties
The mechanical properties were discussed in connection with unsaturated grade of chain extenders and the amount of the diisocyanate. The syntheses were performed using the prepolymer method. PCL, MDI and butane, butene or butyne diols lead to polyurethanes with hardness between 88-98 o ShA that might be classified as hard grade polyurethanes. Their mechanical properties were comparable with those of good quality general purpose rubber materials. The increase in the hard segment content of polyurethane backbone generated corresponding increase of hardness. The same effect was produced by the increase of unsaturation -double bonds or triple bonds -of the chain extenders. By increasing the hard segment content and/or unsaturation of chain extenders it was possible to prepare polyurethanes with hardness between 88-98 o ShA. The number-average molecular weight, M n , and polydispersity of studied samples were determined by GPC. The system columns were thermostated at 25 o C. Calibration was performed with narrow polydispersity standards (Polymer Laboratories Ltd). The samples were eluted with DMF and the flow rate was 1 mL min -1 . The analysis of elution data was performed by a computer program based on the normalization of the chromatograms. The numerical values of the important mechanical properties, molecular weight and polydispersity are shown in Table 4 The samples based on BD present tensile strength values slightly higher in contrast with the samples based on unsaturated diols. The diisocyanate amount of the polyurethanes also influences the tensile strength. This behavior was sustained also, by molecular weight distributions, see Table 4 .
Experimental part

Materials
The basic materials used in this research were polycaprolactone diol (PCL, PCL and chain extenders were tested for the content of moisture and, in some cases, dried under vacuum until content of water reached 0.03%. All the chemicals were used as received, without further purification.
Measurements
Stress-strain measurements were performed on dumbbell-shaped samples cut from thin films on a TIRA test 2161 apparatus, Maschinenbau GmbH Ravenstein Germany. Measurements were run at an extension rate of 50 mm/min, at room temperature 25 o C. All samples were measured three times and the averages were obtained Infrared Spectroscopy (FT-IR) was done using a VERTEX 7 Instruments equipped with a Golden Gate single reflection ATR accessory, spectrum range 600-4000 cm -1 .
The thermal stability of polyurethanes was performed on a DERIVATOGRAF Q-1500 D apparatus (Hungary). The rate of the TGA scans was 10 ºC /min in air atmosphere.
The initial weight of the samples was about 50 mg and the temperature range 30-700 ºC.
A Perkin-Elmer DSC-7 was used for thermal analysis and was operated under a nitrogen atmosphere with a heating rate of 10 o C/min and temperature range -100 o C at room temperature.
Gel permeation chromatography (GPC) measurements were carried out employing a PL-EMD 950 Evaporative Mass Detector instrument using DMF as eluent after calibration with polystyrene standards.
Dynamic contact angles were performed by the Wilhelmy plate technique, using a Sigma 700 precision tensiometer produced by KSV Instruments. The sample plate dimensions were 50x8 mm and rate of immersion-emersion was 5 mm/min in water. Immersion depth was 5 mm in standard conditions. All measurements were the average of 3 contact angle measurements of samples.
Hardness was measured on Instron Shore Durometer instruments, using scale A.
Procedure
The polyurethanes from this study were prepared using 4,4'-diphenylmethane diisocyanate (MDI), polycaprolactone diol (PCL) and 1,4-butane diol (BD), cis-2-butene-1,4-diol or 2-butin-1,4-diol as chain-extending agent, in absence of catalysts. The synthetic route for the polyurethane samples preparation is described in Scheme 1. 
Isocyanate terminated polycaprolactone polyester, a typical procedure
The mixture formed from polycaprolactone diol (25.00 g; 12.5 mmol) and MDI (6.25 g; 25.00 mmol or 9.4 g; 37.5 mmol) reacted at 80 o C for one hour under argon atmosphere in 1:2 and 1:3 molar ratio respectively. The polycaprolactone diol was preheated at 70 °C in a glass flask, and dehydrated for two hours under vacuum. For the come back to atmospheric pressure an argon blanket was applied over the liquid. The MDI (solid) was carefully stirred into the polyol, and the reaction was conducted at 80 °C for one hour. The prepolymer was degassed until gas evolution stopped (ca. 10 -15 min). The reaction is depicted in Figure 6 . The isocyanate terminated polyester reacted with diols (1,4-butane diol, cis-2-butene-1,4-diol or 2-butyn-1,4-diol, in 1:2:1and 1:3:2 molar ratio respectively) in absence of catalysts. After that the chain extender was stirred in mechanically (high speed stirrer) for 2 min. The mixture was degassed until gas evolution stopped (max. 2 -3 min) and carefully poured into the preheated moulds (80 °C). The samples were cured for 16 hours at 80 °C, and 24 hours at 100 °C. The reaction is depicted in Figure 7 .
